Predicting the compatibility of crude oils from different streams can be done by applying models that use the solubility parameter of the oils. The approximate solubility parameter value of a given crude oil can be calculated by observing the asphaltene precipitation onset caused by titration with n-heptane. For oils whose precipitation onset is not well defined, a small quantity of another petroleum with easily detected onset can be added. It would be ideal to always use the same petroleum for this addition, but this is obviously not possible. The purpose of this study was to replace this petroleum by a synthetic molecule. Therefore, molecules were selected and synthesized to obtain structures containing aromatic ring, aliphatic chain and heteroatom. The molecules were characterized by infrared spectrometry, gas chromatography-mass spectrometry, elemental analysis and gel permeation chromatography. Nitrated cardanol, polycardanol obtained by addition polymerization (PCA) and nitrated PCA presented the desired behavior. However, the concentration of the molecule in toluene needs to be adjusted in function of the characteristics of the petroleum. For a particular crude oil, when model molecule present solubility in a wider solubility parameter range, lower concentration will require to identify the precipitation onset of that oil.
Introduction
Crude oils from different streams are typically mixed before primary processing at refineries. However, incompatibility between these oils can lead to precipitation of asphaltenes, which is undesirable. [1] [2] [3] [4] [5] [6] [7] Asphaltenes can be defined, based on their structure, as molecules with relatively high molar mass composed of condensed aromatic rings, cyclic structures, and a small number of aliphatic hydrocarbon chains, as well as functional groups (such as carbonyl, amine and hydroxyl) and elements (such as sulfur, nickel and vanadium). Since asphaltenes are a class of molecules that can be separated from crude oil or distillation residue by the difference of solubility parameters in distinct solvents, it is common for asphaltenes to be defined as the fraction of crude oil that is insoluble in short-chain n-alkanes and soluble in monoaromatic solvents like benzene and toluene. The stability of the asphaltene fractions in petroleum has been widely studied, [8] [9] [10] [11] [12] and one of the main factors that acts to destabilize asphaltenes in oil mixtures is the variation of composition. [13] [14] [15] [16] To predict the compatibility of crude oils and, consequently, the stability of the asphaltenes in their mixture, models have been proposed, some based on values of the Hildebrand solubility parameter (δ) of the oils. 7, [17] [18] [19] [20] However, the experimental determination of δ is not trivial, so the approximation denoted by equation 1 has been used, assuming the solubility parameter of the mixture (δ Μ ) equal to 16.35 MPa 1/2 . 17 This approximation assumes that the asphaltene precipitation occurs at a fixed point (flocculation point) of 16.35 MPa 1/2 . The solubility parameter of a particular petroleum (δ p ) can then be calculated by precipitation onset testing involving titration of the crude oil sample with n-heptane, to obtain the parameters of equation 1: ϕ h , which is the fraction by volume of n-heptane at the precipitation onset; and ϕ p , which is the fraction by volume of oil in relation to the volume of n-heptane added. The solubility parameter of n-heptane, δ h , is available in the literature. 21 (1)
Model Molecules for Evaluating Asphaltene Precipitation Onset of Crude Oils
The asphaltene precipitation onset by titration with n-heptane can be monitored by techniques such as optical microscopy (magnification of 200×) 4, 22, 23 and near-infrared spectroscopy (NIR). [24] [25] [26] [27] [28] [29] [30] For optical microscopy, aliquots of oil after addition of determined volumes of n-heptane are observed under the microscope until detecting the appearance of asphaltene particles. 4, 22, 23 In turn, NIR is used to monitor the absorption intensity of the sample during titration with n-heptane: the dilution of the sample leads to a reduction of the absorption intensity, while the appearance of particles causes this intensity to increase. Therefore, the precipitation onset is based on the volume of n-heptane necessary to reach the minimum absorption intensity. The precipitation onset is thus expressed in terms of the volume of n-heptane (mL) necessary to induce the start of asphaltene precipitation from 1 g of petroleum. The oil is considered more stable the greater the volume of n-heptane necessary to cause the asphaltenes to precipitate. [24] [25] [26] [27] [28] [29] [30] Ascertaining the solubility parameter of a crude oil sample by experimental determination of the asphaltene precipitation onset is unreliable when this onset point is hard to detect. This occurs when visualization of the particles by optical microscopy is difficult and the absorption intensity curve in function of n-heptane volume is poorly defined. This limitation can be overcome by estimating the precipitation onset by mixing the target petroleum with another crude oil that has well-defined precipitation onset, called the standard petroleum. 30, 31 Based on this experimental procedure, the solubility parameter of the target oil (δ p ) can be calculated by using equation 2.
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(2) where δ h , δ p , δ sp are the respective solubility parameters of n-heptane, the target petroleum and the standard petroleum, and ϕ h , ϕ p , ϕ sp are the fractions by volume of n-heptane, target petroleum and standard petroleum in the final mixture at the flocculation point.
In a previous study, 30 a Brazilian crude oil, called APS, was used as the standard to determine the precipitation onset and hence the solubility parameter of two other oils. Since the solubility parameter values obtained are not exactly equal to those determined directly by using the precipitation onset of the target oil sample itself, it is necessary that the standard petroleum always to be the same. This is only possible when the same type of petroleum is produced. An alternative to this method can be implemented by using synthetic molecules instead of the standard petroleum, tailored to have similar behavior when added to oil samples for which it is hard to detect the precipitation onset.
Some studies have been carried out to investigate model asphaltene molecules. The modeling of the chemical structure and reactivity of the asphaltenes enables, for instance, predicting the formation of coke and the properties of various refinery processes, allowing reduction of costs. 32 The chemical characterization of asphaltenes has been widely investigated. Based on characterization results obtained, for example, from nuclear magnetic resonance (NMR), Fourier-transform ion cyclotron resonancemass spectrometry (FTICR-MS) and collision-induced dissociation (CID) mass spectrometry, researchers have suggested that asphaltene molecules contain a large polynuclear aromatic (PNA) nucleus with smaller aromatic rings linked to it. The nucleus is basically composed of aromatics, but also contains naphthenic compounds. Several structures have been proposed to model asphaltene molecules, the main ones being the continental and archipelago models. [33] [34] [35] [36] [37] [38] Based on characterization results of asphaltene fractions obtained by solid-state NMR, X-ray photoelectron spectroscopy (XPS) and elemental analysis, molecular structures have been proposed for different types of crude oil, with the objective of simulating the cracking behavior of vacuum distillation residues. 39 Some model molecules have been used to reproduce the breakdown behavior of the molecular structures of vacuum residues during thermolysis for condensation and cracking reactions. 40 Among these are model molecules based on octaethylporphyrin, N,N'-ditridecyl-3,4,9,10-perylenetetracarboximide, aromatic and aliphatic blocks with molar mass of 750 g mol -1 and quinoline-65. 32, [41] [42] [43] [44] [45] For the purpose of assessing the properties of the asphaltenes and the underlying mechanisms involved in these properties, various researchers have studied different model molecules, such as those based on pyrene, coronene, pyridine, and quinoline, always containing an aromatic core and hydrophobic alkyl chains. 34, [36] [37] [38] [46] [47] [48] [49] [50] Molecular simulation has also been employed to improve the relation between the physico-mechanical properties of model molecules and those of real asphaltenes, 34, 37, [50] [51] [52] as well as to shed light on the aggregation and separation of asphaltenes in binary solvent systems. 34, [36] [37] [38] As already mentioned, in a previous work, 30 we used a petroleum defined as standard (APS) to improve the profile of absorption curve (by NIR) of crude oils called APA and APB in function of the volume of n-heptane titrated. In this study, we synthesized and characterized model molecules to be added to these two crude oils, seeking to find systems whose asphaltenes precipitation onset values are close to those obtained by the addition of APS.
Experimental
Materials n-Heptane 99.5%, pyrene practical grade (P.A.) (Figure 1a) , formaldehyde P.A., boron trifluoride-diethyl etherate (BF 3 .O(C 2 H 5 ) 2 ) 99.9%, oxalic acid 99.5%, sulfuric acid P.A., methanol P.A., dichloromethane P.A., nitric acid 65% P.A., hydrochloric acid P.A., anhydrous sodium sulfate P.A., 95% ethyl alcohol (ethanol) ACS P.A. and commercial toluene (further distilled and dried on alumina) were supplied by Vetec Quimica Fina Ltda. (Duque de Caxias, Brazil). Quinoline 97% (Figure 1b) , epichlorohydrin 99.9%, hexanoyl chloride 98%, nonylphenol and anhydrous aluminum chloride ≤ 99% were supplied by SigmaAldrich (São Paulo, Brazil). Tetrahydrofuran (THF) P.A. was supplied by Tedia, (Rio de Janeiro, Brazil). Cardanol (Figure 1c , presenting the approximate concentrations of the components of the mixture) 41 was supplied by Satya Cashew Chemicals (Tamil Nadu, India). Water was distilled and deionized by a Quimis system (São Paulo, Brazil).
Four crude oils samples, extracted from Brazilian fields (called APS, APA, APB and APX) and asphaltenes C3I extracted 54 from APS were donated by Petrobras. The relevant characteristics of these samples (Table 1) were published previously. 30 
Synthesis of molecules
Pyrene was chemically modified (acylated) utilizing 2.97 mol of pyrene, 2.47 mol of hexanoyl chloride and 0.99 mol of AlCl 3 . Dichloromethane was used as solvent. The mixing was carried out in an ice bath with magnetic stirring, which was kept for 5 h at 70 °C. The reaction was stopped with ice and addition of 1 mL of hydrochloric acid (HCl). The final product was removed from the aqueous phase by decantation.
Cardanol was nitrated utilizing 1 mol of cardanol, 1 mol of nitric acid and methanol as solvent, at room temperature for 30 min under magnetic stirring. At the end of the reaction, 10 mL of ethyl acetate was added and the solvent was evaporated at room temperature.
The cardanol epoxidation reaction was performed using 0.01 mol of cardanol in a NaOH solution and 0.04 mol of epichlorohydrin (added dropwise). The reaction was kept under magnetic stirring for 18 h at room temperature. Then 50 mL of dichloromethane and ethanol mixture was added under magnetic stirring to form two phases. The final product was separated in a separation funnel, washed with distilled water and dried with anhydrous sodium sulfate.
Nonylphenol was nitrated using 1 mol of nonylphenol, 1 mol of nitric acid and methanol as solvent, for 30 min at room temperature. Then 10 mL of ethyl acetate was added and the solvent was evaporated at room temperature.
Polycardanol, called PCC0, was synthesized by polycondensation employing a molar ratio of 1:0.8 (cardanol:formaldehyde) with addition of sulfuric acid. The reaction time was 2 h at temperature of 140 °C, after which 75 mL of distilled water was added to the reaction mass followed by filtration through a separation funnel to remove the aqueous phase. Polycardanol samples, named PCC1, PCC2 and PCC3, were synthesized by polycondensation. To obtain PCC1, 40 mL of cardanol, 13.8 mL of formaldehyde and 0.42 g of dihydrated oxalic acid were used, dissolved in 2.5 mL of methanol. The same reaction conditions were employed to obtain PCC2 except that the oxalic acid was added directly in the reaction solution, while to synthesize PCC3, oxalic acid was added in two steps: at the start of the reaction and after 1 h. The general structure of the PCC molecule is represented by Figure 2a . Polycardanol, called PCA, was synthesized by polyaddition via cationic initiation. For this purpose, 30 mL of cardanol in 0.3 mL of boron trifluoride-diethyl etherate (BF 3 .O(C 2 H 5 ) 2 ) reacted under an inert atmosphere in a glove bag. The reaction time was 2 h and the temperature was 140 °C. After this, the reaction was stopped by placing the system in an ice bath. The general structure of PCA molecule is represented by Figure 2b .
PCA was nitrated utilizing 0.002 mol of cardanol, 0.02 mol of nitric acid and dichloromethane as solvent, at room temperature for 30 min under magnetic stirring. At the end of the reaction, 10 mL of ethyl acetate was added and the solvent was evaporated at room temperature.
Characterization of the molecules
All synthesized molecules were characterized by Fourier-transform infrared spectrometry (FTIR) using a PerkinElmer Frontier spectrometer (Waltham, USA), except for the acyl pyrene and nitrated nonylphenol molecules. The samples were analyzed in KBr pellets and the spectra were obtained with a scan from 4000 to 400 cm -1 with resolution of 4 cm -1 at room temperature. Polycardanol samples were also characterized by gel permeation chromatography (GPC) using a Viscotek Max GPC system (São Paulo, Brazil) and a VE 2001 GPC solvent/sample module. The sample was prepared at a concentration of 10 mg mL -1 in tetrahydrofuran (THF). A Shodex KF-806M column (exclusion limit of 2 × 10 7 ) was used at a flow of 1 mL min -1 and temperature of 25 °C.
Pyrene and acyl pyrene were characterized with a Shimadzu GCMS-QP2010 Ultra gas chromatograph mass spectrometer (São Paulo, Brazil) with an RTX-DB5 column at a flow of 1 mL min -1 , initial temperature of 150 ºC, final temperature of 280 ºC and heating rate of 30 ºC min -1 . The injector and detector temperatures were 250 and 280 ºC, respectively.
The samples containing a nitro group (NO 2 ) in their structure (nitrated cardanol, nitrated PCA and nitrated nonylphenol) were quantified using elemental analysis (CHN/O), with a PerkinElmer 2400 CHNS/O Series II system (Waltham, USA). Between 2.0 and 2.5 mg of sample was weighed on a precision scale and placed in a tin capsule. The material was then burned in a combustion chamber at a combustion temperature of 975 °C and reduction temperature of 500 °C. The analyses were performed in duplicate and the oxygen percentage was determined by mass difference.
Preparation of the model systems
The model systems were prepared with 15 and 30 wt.% of asphaltenes C3I in toluene, utilizing 1.05 and 2.10 g of asphaltenes C3I in toluene, respectively.
Determination of asphaltene precipitation onset using NIR
The precipitation onset was determined at 1600 nm, using Bruker MATRIX-F near-infrared (NIR) spectrophotometer system (Billerica, USA), 23, 25, 55 operating with the Opus 6.5 software, connected to a Jasco PU 2087 Plus displacement pump. 7 g of the previously prepared asphaltene solution was poured into the device's cup while kept under constant magnetic stirring. Then a probe with 5 mm optical path was introduced in the cup and the system was turned on simultaneously with the start of titration of the flocculant, at a flow of 0.1 mL min -1 . After 8 h and use of all 48 mL of flocculant, the analysis was finalized and a graph of absorbance versus volume of n-heptane was plotted, revealing the volume of n-heptane corresponding to the minimum absorbance point, indicating onset of asphaltenes precipitation. The asphaltenes precipitation onset was obtained by dividing the n-heptane volume by 7, since the onset is expressed in terms of mL of n-heptane per g of oil phase. The assays were conducted in duplicate and for almost all samples the values were calculated from the mean of the two measures. The maximum error found was < 3%.
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Results and Discussion
The molecules and their chemical modification reactions were selected based on the literature regarding the molecular structure of asphaltenes, as described in the Introduction section. Therefore, molecules containing aromatic rings, condensed aromatic rings, aromatic ring containing a heteroatom, and aromatic ring containing an aliphatic hydrocarbon chain and heteroatom were utilized to determine the asphaltene precipitation onset of the crude oil samples.
Characterization of the synthesized molecules
To obtain molecules that could be added to a crude oil sample to improve the identification of the asphaltenes precipitation onset by the procedure of titration with n-heptane and detection by NIR, as can be obtained by adding an oil sample defined as a standard (APS), we synthesized structures containing aromatic rings and hydrocarbon chains and/or hydrophilic groups. Specifically, we synthesized acyl pyrene, nitrated cardanol, epoxylated cardanol and nitrated nonylphenol, along with polycardanol by polyaddition (PCA) and polycardanol by polycondensation (PCC), in which the aromatic rings are, respectively, farther and nearer each other in the polymer structure ( Figure 2) . Finally, the addition polycardanol (PCA) sample was nitrated to produce PCAN.
The FTIR spectra confirmed that molecules of polycardanol were obtained by PCA and PCC, as well as that structural modifications of the cardanol (nitration and epoxidation) and polycardanol (nitration) were achieved. The unreacted cardanol (C) and the synthesized samples of PCC (Figure 3a) and PCA (Figure 3b) , referring to the axial deformation of the C=C bonds of the aromatic ring, and 1267 cm -1 , referring to the axial C−O deformation. These results are in line with those obtained previously with synthesized samples following the same reaction methods of polyaddition and polycondensation. 27, 56 The polycondensation reaction can be confirmed by the relative increase of intensity of the band associated with deformation of the C−H bond due to the insertion of a CH 2 group between each aromatic ring (Figure 3a) . All the products of this type of reaction presented very similar spectra. The polyaddition reaction was confirmed by the relative reduction of the band associated with the C=C bond, since this reaction occurs by the opening of the double bond. This band did not totally disappear because cardanol is composed of a mixture of molecules ( Figure 1c ) and the reaction product is a polymer mixture with unreacted species, containing or not containing double bonds.
The FTIR spectra also confirmed the nitration of cardanol (Figure 3c 
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The molar mass results of the polycardanol samples, presented in Table 2 , show that condensation polycardanol The pyrene and acyl pyrene molecules were characterized by gas chromatography together with mass spectrometry (GC-MS). The analysis was first performed for hexanoyl chloride (reagent used to synthesize the acyl pyrene). Hexanoyl chloride presented a retention time of 4.067 min and m/z +99 (Figure 4a ). In turn, pyrene presented a retention time of 7.117 min and m/z +202 (Figure 4b) , while acyl pyrene, as expected, had a longer retention time of 13.675 min and m/z +300 (Figure 4c) , proving that the acylated product was obtained.
The molecules of nitrated cardanol, nitrated polycardanol (PCAN) and nitrated nonylphenol were quantified by elemental analysis (CHN / O) to identify the nitrogen atom in the molecular structure and thus to confirm the nitration reaction. The percentages by mass of nitrogen were 2.075, 0.65 and 2.69 wt.%, respectively, for nitrated cardanol, nitrated polycardanol (PCAN) and nitrated nonylphenol. Table 3 
Evaluation of asphaltenes precipitation onset by nearinfrared spectroscopy (NIR)
As discussed in a previous work, 30 the addition of enough amount of sample, that exhibit a well-defined curve, will induce a well-defined curve of the sample that present small amount of asphaltenes molecules, as a result of the molecules interactions. Nevertheless, it is important to highlight that such procedure does not lead to the exact value of asphaltenes precipitation onset of the sample. Specifically, it was verified that the addition of oil APS facilitates the identification of the asphaltene precipitation onset of crude oil samples whose curves of absorption intensity versus volume of n-heptane titrated are not well defined. Besides this, it was demonstrated that the C3I asphaltene fraction of oil APS, dissolved in toluene at 30 wt.% (similar concentration to this asphaltene fraction in APS), reproduced the behavior of the APS sample, as shown in Table 4 .
The model molecules synthesized in this study were dissolved in toluene at varied concentrations and then added to the oil samples in a mass proportion of 80:20 (oil:model solution). By keeping the same proportion used with APS, our objectives here were to obtain: (i) asphaltenes precipitation onset values near those obtained with addition of APS; and (ii) well-defined curves of absorption intensity versus volume of titrated n-heptane. We ranked the curves as excellent, fair and poor, as shown in Figures 5a, 5b and 5c. The aspect of the curve of pure APB, rated as fair (Figure 5b The molecules were first evaluated in APB, since this crude oil presented a curve for determining the asphaltene precipitation onset that was not as well defined (Figure 5b ) as that of sample APA. All the results obtained with APB are summarized in Table 5 . In some cases, the curve obtained did not allow determining the precipitation onset, as indicated in Table 5 . As a reference, Table 5 includes the onset result of oils APB and APS mixed in 80:20 proportion.
It can be observed that none of the model systems produced a curve as well defined as that of the APB:APS mixture. However, in the great majority of cases, these systems allowed determining the asphaltenes precipitation onset. This was not possible in two different situations: (i) the curve only presented a dilution aspect, i.e., no aggregation was represented. This occurred in the cases of adding acyl pyrene (20% in toluene), PCC1 (15% in toluene), PCC2 (15% in toluene) and PCC3 (15% in toluene). Figure 6a shows the curve obtained for APB with addition of PCC3 (at 15% in toluene) at a proportion of 80:20 m/m, illustrating the aspect of the curves obtained in the cases where only dilution was observed. From these results, it can be inferred that the acyl pyrene acted as a stabilizer of the asphaltenes of APB, as did each sample of condensation polycardanol (PCC1, PCC2 and PCC3) at the concentration of 15% in toluene. In fact, the PCC samples, even at low concentrations (1.0 and 5.0% in toluene), acted to stabilize the asphaltenes, shifting the precipitation onset value of APB to higher values. When the concentration was increased to 15% in toluene, the onset could no longer be detected, with only the sample dilution curve being observed. (ii) The curve presented an immediate and sharp increase in absorption intensity, i.e., aggregation appeared to be immediately induced. This behavior was observed when adding epoxylated cardanol (20% in toluene), nitrated cardanol (16 and 20% in toluene), PCA (15% in toluene) and nitrated PCA (3, 5 and 15% in toluene). Figure 6d shows the curve obtained for APB with addition of nitrated PCA (at 15% in toluene) in proportion of 80:20 m/m, to illustrate the profile of the curves obtained in these cases. The curves obtained with addition of nitrated polycardanol (PCAN), in the concentration range analyzed (from 0.5 to 15% in toluene), clearly show that increasing the concentration enhanced the flocculation action, as can be observed from the reduction of the precipitation onset when the polymer concentration was increased from 0.5 to 1.0% in toluene and by the aspect of the curves in which the precipitation onset cannot be detected (Figures 6c and 6d) . Still discussing about oil APB, in terms of the asphaltenes precipitation onset value, it was observed that the addition of nitrated cardanol at 10 and 15% m/m in toluene, PCA at 1 and 2% m/m in toluene, and nitrated PCA at 0.5% m/m in toluene caused very similar behavior to that observed with addition of oil APS in this same petroleum. Of note is the advantage of PCA in relation to nitrated cardanol because similar results were obtained with a lower concentration of the former.
It is curious to note that equal onset values were obtained for a single system at varied concentrations in toluene. This same behavior was observed in a previous study, regarding the addition to oil APB of asphaltene fractions C3I or C5I (from oil APS) when the concentration in toluene varied from 15 to 30%. 30 This same behavior was also observed for addition to APB of quinoline at 15 and 30% in toluene (Table 5) , which led to onset values of 2.61 and 2.51 mL of n-heptane per g of oil, respectively, i.e., virtually equal values for different concentrations, considering analytical error of ± 0.1 mL g -1 . Some of the molecules were also tested in APA oil to check whether the behavior observed in APB would be repeated in another crude oil. All these results are summarized in Table 6 . The systems that when added to APA led to onset values almost equal to that of the APA:APS (80:20 m/m) mixture were quinoline at 30% in toluene, nitrated cardanol at 20% in toluene and PCA (addition polycardanol) at 1% in toluene. The nitrated cardanol at 15% in toluene and nitrated PCA at 0.5% in toluene led to onset values very close to those obtained for the APA:APS mixture. As observed in Table 5 , polycardanol stood out in relation to nitrated cardanol because of the lower concentration needed to attain similar results.
Comparison of the results of Tables 5 and 6 shows that the same molecule at the same concentration in toluene can lead to different behaviors in the two crude oils (APA and APB), with exception of PCA (at 1% in toluene) and nitrated PCA (at 0.5% in toluene), which led to desired onset values in both oils.
Two molecules (nitrated cardanol and PCA) were used to assess the determination of the asphaltenes precipitation onset of a crude oil (APX) whose absorption intensity versus n-heptane volume curve was not well defined, thus preventing determining the onset. For comparison, the test was also performed with addition of APS in proportion of 80:20 m/m of APX:APS. The onset result was 1.83 mL of n-heptane per g of oil ( Table 7 ). The addition of nitrated cardanol at 20% in toluene to oil APX in the same proportion (80:20 m/m) allowed determining a precipitation onset of 1.72 mL of n-heptane per g of oil, a result similar to that of the mixture with APS, considering the analytic error. The PCA at 1% m/m in toluene was added to APX in 80:20 m/m proportion and only a dilution curve was obtained. The molecules that when added to the oil samples presented precipitation onset results nearest to those of the target oil + APS mixture were investigated regarding their solubility parameter ranges. The molecules of nitrated cardanol, polycardanol (PCA) and nitrated polycardanol (PCAN) were dissolved at 30% in toluene (concentration similar to the C3I fraction in APS) and titrated separately with n-heptane and with ethanol. These results are presented in Table 8 , together with those obtained previously 30 for the C3I (from oil APS) in toluene for comparison. It can be seen that these samples presented the same or very close solubility behavior to that of fraction C3I from oil APS.
Conclusions
The asphaltenes precipitation onset points of crude oil samples that do not have well-defined curves of absorption intensity in function of volume of titrated n-heptane can be ascertained by adding a solution of toluene containing an additive whose molecules have similar groups to those found in asphaltenes: aromatic ring, aliphatic chain and heteroatom. Nitrated cardanol, polycardanol (by polyaddition) and nitrated polycardanol presented this behavior when dissolved in toluene. The quantity of the model system added does not need to exceed the proportion of 80:20 m/m (oil:model system). However, the concentration of the additive in toluene should be adjusted in function of the characteristics of the crude oil, and for the same oil, the greater the solubility parameter range is of the model molecule, the lower the concentration necessary to identify the precipitation onset of the petroleum will be. Molecules that at a determined concentration have a strong stabilizing or flocculant effect are not suitable for this type of test because they only generate dilution curves or show immediate aggregation, respectively. 
